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T H E  R I S K S  A S S O C I A T E D  W I T H  A G R I C U L T U R E :  
I N T R O D U C T I O N  
A  R E V I E W  
D a n e l l e  B i c k e t t - W e d d l e ,  D . V . M .  
I o w a  S t a t e  U n i v e r s i t y  
2 1 7 0  V e t e r i n a r y  M e d i c i n e  
A m e s ,  I o w a  5 0 0 l l  
A g r i c u l t u r e  d a t e s  b a c k  t o  t h e  f i r s t  r e c o r d e d  c i v i l i z a t i o n s  i n  M e s o p o t a m i a  (  c u r r e n t -
l y  k n o w n  a s  I r a q )  i n  8 0 0 0  B . C .  a n d  i s  d e f i n e d  a s  " t h e  s c i e n c e ,  a r t ,  o r  p r a c t i c e  o f  c u l t i -
v a t i n g  t h e  s o i l ,  p r o d u c i n g  c r o p s ,  a n d  r a i s i n g  l i v e s t o c k  a n d  i n  v a r y i n g  d e g r e e s  t h e  p r e p a -
r a t i o n  a n d  m a r k e t i n g  o f  t h e  r e s u l t i n g  p r o d u c t s . "  ( 1 )  I t  i s  a  w o r l d w i d e  c r a f t  a n d  a g r i c u l -
t u r e  i s  t h o u g h t  t o  b e  o n e  o f  t h e  t h r e e  m o s t  h a z a r d o u s  o c c u p a t i o n s  i n  t h e  U n i t e d  S t a t e s .  
T h e r e  h a s  b e e n  d a t a  c o l l e c t i o n  r e g a r d i n g  f a r m  s i z e ,  c r o p s  o r  a n i m a l s  p r o d u c e d  a n d  
i n c o m e  g e n e r a t e d  f o r  m o r e  t h a n  1 5 0  y e a r s .  A  f a r m  i n c l u d e s  a n y  p l a c e  t h a t  s e l l s  o r  p r o -
d u c e s ,  o r  n o r m a l l y  w o u l d  h a v e  s o l d ,  $ 1 , 0 0 0  w o r t h  o f  a g r i c u l t u r a l  p r o d u c t s  d u r i n g  t h e  
c e n s u s  y e a r .  T h e  l a s t  a v a i l a b l e  d a t a  f r o m  t h e  C e n s u s  o f  A g r i c u l t u r e  i n  1 9 9 7  e s t i m a t e d  t h a t  
t h e r e  w e r e  1 . 9  m i l l i o n  f a r m s  i n  o u r  c o u n t r y .  ( 2 )  O n  t h e s e  f a r m s ,  i t  i s  e s t i m a t e d  t h e r e  a r e  
b e t w e e n  1 . 2 4  a n d  3 . 3 5  m i l l i o n  h i r e d  a g r i c u l t u r a l  w o r k e r s .  ( 3 )  
A g r i c u l t u r e  a s  a n  o c c u p a t i o n  p r e s e n t s  a  w i d e  v a r i e t y  o f  h a z a r d s  t o  w o r k e r s ,  i n c l u d -
i n g  n o i s e ,  o r g a n i c  d u s t s  a n d  p h y s i c a l  a n d  m e c h a n i c a l  e x p o s u r e s  t h a t  c a n  r e s u l t  i n  t r a u -
m a t i c  i n j u r y  a n d  e v e n  d e a t h .  W h i l e  t h e  d a t a  a c c u r a c y  h a s  b e e n  q u e s t i o n e d ,  t h e r e  h a s  b e e n  
s o m e  l e v e l  o f  f a r m - r e l a t e d  s u r v e i l l a n c e  s i n c e  1 9 3 0 .  (  4 )  F a t a l i t y  i n f o r m a t i o n  h a s  b e e n  c o l -
l e c t e d  n a t i o n w i d e  s i n c e  t h e  1 9 4 0 s ,  w h e r e a s  n o n f a t a l  i n j u r i e s  a r e  m o n i t o r e d  m o r e  o n  a  
s t a t e  l e v e l  a n d  o n l y  s i n c e  t h e  1 9 7 0 s .  T h e  a g r i c u l t u r e  f a t a l i t y  r a t e  i n  1 9 9 9  w a s  2 2 . 5  p e r  
1 0 0 , 0 0 0  w o r k e r s ,  w h i c h  i s  h i g h e r  t h a n  a l l  o t h e r  i n d u s t r i e s  e x c e p t  m i n i n g .  T r a c t o r s  
r e m a i n  t h e  l e a d i n g  c a u s e  o f  d e a t h  w i t h  a p p r o x i m a t e l y  3 0 0  p e r  y e a r .  (  3 )  T h e  n o n f a t a l  
i n j u r y  d a t a  i s  m u c h  h a r d e r  t o  a c c e s s  a n d  f a r m s  a r e  n o t  r e q u i r e d  t o  r e p o r t  t o  t h e  B u r e a u  
o f  L a b o r  S t a t i s t i c s  u n t i l  t h e y  e m p l o y  l l  o r  m o r e  p e o p l e .  T h e  m o s t  c o m m o n l y  r e p o r t e d  
p r o b l e m  i n v o l v e s  m u s c u l o s k e l e t a l  d i s o r d e r s .  (  5 )  O t h e r  c o m m o n  d i s e a s e s  o r  o u t c o m e s  
a s s o c i a t e d  w i t h  a g r i c u l t u r a l  w o r k e r s  i n v o l v e  r e s p i r a t o r y  i l l n e s s  d u e  t o  o r g a n i c  d u s t  e x p o -
s u r e ,  c h e m i c a l s  o r  h y d r o g e n  s u l f i d e  g a s e s ,  c e r t a i n  c a n c e r s ,  n o i s e  i n d u c e d  h e a r i n g  l o s s  a n d  
s k i n  d i s o r d e r s .  T h e  p u r p o s e  o f  t h i s  s t u d y  i s  t o  r e v i e w  l i t e r a t u r e  o n  t h e  e p i d e m i o l o g i c  r e l a -
t i o n s h i p  b e t w e e n  b e i n g  a n  a g r i c u l t u r a l  w o r k e r  a n d  t h e  i n c r e a s e d  r i s k  o f  r e s p i r a t o r y  i l l n e s s ,  
m u s c u l o s k e l e t a l  d i s o r d e r s  a n d  n o i s e - i n d u c e d  h e a r i n g  l o s s .  
R E V I E W  O F  S T U D I E S  
A  v a r i e t y  o f  r e s p i r a t o r y  i l l n e s s e s  o c c u r  i n  a g r i c u l t u r a l  w o r k e r s  a n d  a r e  o n e  o f  t h e  
o l d e s t  r e s e a r c h e d  a r e a s  i n  t h e  o c c u p a t i o n a l  f i e l d .  T h e  f o c u s  i n  t h i s  r e v i e w  i s  t h a t  o f  
f a r m e r ' s  l u n g  d i s e a s e  ( F L D )  a n d  i t s  s e g u e l a e .  I t  i s  c a u s e d  b y  i n h a l a t i o n  o f  o r g a n i c  d u s t s  
a n d  f u n g u s  f r o m  m o l d y  h a y ,  s p e c i f i c a l l y ,  e x p o s u r e  t o  T h e r m o p h i l i c  a c t i n o m y c e t e s .  T h e s e  
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are found to grow under conditions of high temperature and high humidity. When farm-
ers handle the hay and straw for animal feeding, these are released and inhaled. Exposures 
to these organisms over time and in areas that are not well ventilated predispose agricul -
tural workers to FLD. In a Finland study conducted in 1999, researchers looked at 87 
cases of FLD and compared them to 81 controls to evaluate IgG antibody level, chron-
ic bronchitis and pulmonary function values in farmer's lung patients. Cases were 
matched for age, sex, smoking status, height and occupation, which minimized the risk 
of confounders. Farm size, measured in cultivation acres, and number of dairy cattle were 
also very similar so exposure time to the inhaled antigens was also controlled. The bias 
that existed was the lack of antibody status at the beginning of the follow up study. To 
avoid misclassification, all study subjects underwent clinical examinations. The 
researchers were interested in four " traditional" types of antigens as well as four "new" 
microbes and their relationship to antibody levels and chronic bronchitis or pulmonary 
function. ( 6 ) 
It was discovered that FLD patients had higher serum IgG levels against all 
microbes than the control farmers. Antibody levels were also higher in the FLD patients 
with chronic bronchitis than controls with chronic bronchitis, and cases also had a low-
ered pulmonary capacity. Other important aspects of this study were the fact that the 
researchers recognized that development of farmer's lung might be due to individual sen-
sitivity. This may also explain some of the antibody responses and predisposition to 
chronic bronchitis . It was also stated initially that the microbes that were examined were 
specific to their local area, so generalizing this study cannot occur in areas where the 
microbes varied. The study subjects were heavily weighted with women participants; so 
again, generalizing it to male subjects is not as applicable. Height and individual sensi-
tivities are a concern. The researchers used an abbreviation in the discussion area regard-
ing the pulmonary tests that was never explained, so it leaves doubt in my mind as to 
what it represents . Overall, the amount of matching the researchers did in this study was 
impressive. They recognized the importance of good control selection to minimize bias, 
starting with a pool of four times the number of cases, and selected the most qualified to 
participate in a clinical examination. It was a well-done study and demonstrated that FLD 
patients had significantly higher antibodies than controls. ( 6 ) 
To examine issues that may predispose farmers to the occurrence of FLD, a 
Japanese study conducted in 2002 was reviewed that looked at the effects of meteoro-
logical conditions over a 20-year period. This prospective cohort study started in 1978 
with researchers reviewing surveys from 265 farmers that asked about systemic and res -
piratory symptoms, smoking habits, farming conditions, farm size, numbers of animals, 
working inside a barn and hay handling time. Since it was based on farmer recall , some 
of the data was quantifiable; others were qualitative and thus subject to bias. Since it 
occurred over 20 years, farm size and the number of cattle increased, the operations for 
hay making became more mechanized and there was no matching, making these con-
founding variables. It was discovered that the number of days below freezing prior to har-
vest and the smaller amount of sunlight hours were closely associated with the occurrence 
of FLD. Rainfall had no association and humidity was not analyzed, which was unfortu-
nate as it correlates with the "curing" of hay. (7) 
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O t h e r  i m p o r t a n t  a s p e c t s  o f  t h i s  s t u d y  i n c l u d e d  t h e  i d e n t i f i c a t i o n  o f  o n l y  " n e w "  
c a s e s  o f  F L D  s o  a s  t o  a s s e s s  i n c i d e n c e ,  n o t  p r e v a l e n c e .  I t  w a s  s t a t e d  i n  t h e  r e s u l t s  s e c t i o n  
t h a t  t h e  f i v e  c a s e s  i n  1 9 7 8  c o u l d  n o t  h a v e  b e e n  c o n s i d e r e d  " n e w "  s o  w a s  e x c l u d e d .  
H o w e v e r ,  w h e n  t h e  f i n a l  n u m b e r s  w e r e  t a b u l a t e d ,  t h e s e  f i v e  w e r e  c o u n t e d  i n  t h e  t o t a l  o f  
3 4  c a s e s ,  c o n f u s i n g  t h e  f i n a l  i n t e r p r e t a t i o n .  T h e i r  d i a g n o s t i c  c r i t e r i a  w a s  e x c e l l e n t  i n  t h a t  
f i v e  p u l m o n a r y  s p e c i a l i s t s  e x a m i n i n g  r a d i o g r a p h s  w e r e  b l i n d e d  a n d  a l l  h a d  t o  c o n c u r  w i t h  
t h e  d i a g n o s i s  b e f o r e  a  p a t i e n t  w o u l d  b e  c o n s i d e r e d  p o s i t i v e  f o r  F L D .  C o n s i d e r i n g  t h e  
c h a n g e s  t h a t  h a v e  o c c u r r e d  i n  f a r m i n g  o p e r a t i o n s  i n  t h e  l a s t  2 0  y e a r s  a n d  t h e  t e c h n o l o -
g y  r e g a r d i n g  c a t t l e  r e a r i n g ,  i t  w a s  a  f a i r l y  w e l l  d o n e  s t u d y .  T h e  d i a g n o s t i c  c r i t e r i a  w e r e  
s u p e r b ,  a n d  t h e  q u a l i t a t i v e  m e a s u r e m e n t s  a r e  n o t  s u b j e c t  t o  l a r g e  e r r o r s ,  m a k i n g  t h e  
i n t e r n a l  v a l i d i t y  o f  t h e  s t u d y  s t r o n g .  I t  w a s  a  g o o d  c o m p a r i s o n  g r o u p  f o r  t h e  n o n - F L D  
c a s e s  a n d  g e n e r a l i z a b l e  f o r  s i m i l a r  f a r m i n g  c o m m u n i t i e s .  T h e r e  w a s  a  c o m m e n t  a t  t h e  e n d  
o f  t h e  d i s c u s s i o n  s e c t i o n  t h a t  d e s c r i b e d  d e c r e a s i n g  t h e  c h a n c e s  o f  F L D  b y  h i r i n g  t e m p o -
r a r y  w o r k e r s  t h a t  w a s  a n  u n n e c e s s a r y  s u g g e s t i o n .  T h e  r e a d e r  s h o u l d  b e  l e f t  w i t h  t h e  
t h o u g h t  o f  e x p o s i n g  t e m p o r a r y  e m p l o y e e s  a s  a  c o n t r o l  m e c h a n i s m  f o r  d e c r e a s i n g  t h e  
t h r e a t  t o  t h e  f a r m  o w n e r .  W e a r i n g  p r o t e c t i v e  m a s k s ,  d e c r e a s i n g  e x p o s u r e  t i m e  a n d  
i n c r e a s i n g  v e n t i l a t i o n  w e r e  a l l  m e n t i o n e d ,  w h i c h  a r e  e x c e l l e n t  p r e v e n t i o n  s t r a t e g i e s .  A l l  
i n d i v i d u a l s  w o r k i n g  i n  t l 1 o s e  c o n d i t i o n s  d e s e r v e  t o  b e  e d u c a t e d  a b o u t  p r e v e n t i o n  t e c h -
n i q u e s .  ( 7 )  
B e s i d e s  t l 1 e  r i s k s  a s s o c i a t e d  w i t h  r e s p i r a t o r y  i l l n e s s ,  f a r m e r s  a l s o  h a v e  a  h i g h e r  
p r e v a l e n c e  o f  m u s c u l o s k e l e t a l  s y m p t o m s  t h a n  o t h e r  o c c u p a t i o n s .  I n  o r d e r  t o  i l l u s t r a t e  
t h i s ,  a  c o h o r t  s t u d y  c o n d u c t e d  i n  I o w a  w a s  r e v i e w e d  r e g a r d i n g  t h e  r i s k  f a c t o r s  f o r  b a c k  
p a i n  a m o n g  m a l e  f a r m e r s .  T h e  s u b j e c t s  f o r  t h i s  s t u d y  c a m e  f r o m  d a t a  c o l l e c t e d  a b o u t  
b a c k  p a i n  r i s k  f a c t o r s  d u r i n g  t h e  1 9 9 2 - 1 9 9 4  I o w a  F a r m  F a m i l y  H e a l t h  a n d  H a z a r d  
S u r v e y  ( I F F H H S )  a n d  i n c l u d e d  2 8 7  m a l e s .  F o l l o w - u p  q u e s t i o n n a i r e s  w e r e  s e n t  1 8  
m o n t h s  l a t e r  t o  a s s e s s  t h e  o c c u r r e n c e  o f  b a c k  p a i n .  C o h o r t s  w e r e  s e l e c t e d  f r o m  t h e  
N a t i o n a l  H e a l t h  I n t e r v i e w  S u r v e y  ( N H I S )  a n d  t h e  U . S .  f a r m e r  c o m p a r i s o n  g r o u p  c o n -
s i s t e d  o f  4 0 8  m a l e s  1 9  y e a r s  o f  a g e  o r  o l d e r  t h a t  w e r e  c u r r e n t l y  w o r k i n g  u n d e r  t h e  f a r m -
i n g  c l a s s i f i c a t i o n  c o d e  a n d  h a d  a n s w e r e d  q u e s t i o n s  r e g a r d i n g  b a c k  p a i n .  T o  c o n t r o l  f o r  
f a r m i n g ,  a n  a d d i t i o n a l  c o m p a r i s o n  g r o u p  w a s  u s e d  a n d  c o n s i s t e d  o f  t h e  g e n e r a l  m a l e  U . S .  
w o r k i n g  p o p u l a t i o n .  T h e  s a m e  c r i t e r i a  a p p l i e d  t o  t h e  N H I S  s u r v e y  e x c l u d i n g  t h e  o c c u -
p a t i o n  c o d e  o f  f a r m i n g  a n d  2 , 8 1 2  m a l e s  w e r e  i n  t h i s  g r o u p .  ( 8 )  
T h e  v a r i a b l e s  t h a t  w e r e  e v a l u a t e d  i n  t h i s  s t u d y  i n c l u d e d  h e i g h t  a n d  w e i g h t ,  e d u c a -
t i o n ,  p e r s o n a l  r i s k  f a c t o r s  ( s m o k i n g ,  a l c o h o l ,  d e p r e s s i o n ) ,  e c o n o m i c  s t a t u s  a n d  o c c u p a -
t i o n a l  e x p o s u r e  ( p r i m a r y  o c c u p a t i o n ,  n u m b e r  o f  y e a r s  w o r k e d  a s  a  f a r m e r ,  m a j o r  f a r m i n g  
a c t i v i t i e s ) .  I n i t i a l  d a t a  w a s  p r e s e n t e d  a n d  t h e n  t h e  r e s e a r c h e r s  a d j u s t e d  f o r  a g e ,  m a r i t a l  
s t a t u s  a n d  e d u c a t i o n ,  s o  a s  t o  l i m i t  t h e s e  c o n f o u n d e r s .  B a c k  p a i n  w a s  s i g n i f i c a n t l y  h i g h -
e r  ( 3 1  p e r c e n t )  i n  I o w a  f a r m e r s  c o m p a r e d  t o  t h e  g e n e r a l  p o p u l a t i o n  ( 1 8 . 5  p e r c e n t )  o v e r  
t h e  p r e v i o u s  1 2  m o n t h s .  F a r m e r s  a g e d  4 5 - 5 9  h a d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  r i s k  o f  b a c k  
p a i n ,  a n d  f a r m e r s  w i t h  a  s e c o n d  j o b  w e r e  f o u n d  t o  b e  a t  a n  i n c r e a s e d  r i s k ,  b u t  n o t  s t a t i s -
t i c a l l y  s i g n i f i c a n t .  S e l e c t i o n  b i a s  w a s  a d d r e s s e d  i n  t h a t  t h e r e  w a s  a  l o w  r e s p o n s e  r a t e  i n  
r e g a r d s  t o  t h e  i n i t i a l  s u r v e y s ,  b u t  t h e  r e s e a r c h e r s  f e l t  t h a t  i t  w a s  s t i l l  g e n e r a l i z a b l e  d a t a  
s i n c e  t h e  d e m o g r a p h i c s  o f  t h e  r e s p o n d e n t s  c l o s e l y  m a t c h e d  t h a t  o f  I o w a  A g r i c u l t u r a l  
C e n s u s  d a t a .  T h e  s e l e c t i o n  b i a s  b a s e d  o n  t h e  p r e s e n c e  o r  a b s e n c e  o f  b a c k  p a i n  c o u l d  n o t  
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be eliminated. Finally, the recall of back pain over a 12-month period could result in 
underestimating the actual prevalence, and the researchers recognized this in their analy-
sis. An important aspect of this study includes the clear statement of the purpose in the 
beginning of this article. Also, it was a population based study initially so findings should 
be representative of male Iowa farmers, and the 18-month prospective cohort study 
allowed a good indication of back pain factors. This was a well-done study in that it 
explained all the variables, utilized odds ratios and confidence intervals regarding those 
variables, there were very good explanations for all factors and results and they addressed 
the confounders and biases. (8 ) 
Since it is recognized that low back pain occurs more often in farmers than the 
general population, a search was conducted with respect to what other musculoskeletal 
problems exist. In a 1997 study conducted in Sweden, researchers looked at the rela-
tionship between osteoarthritis of the hip and farm work. This study included 269 cases 
of radiologically verified coxarthrosis ( degenerative joint disease of the hip ) and 538 con-
trols from a local population registry that were matched on age, sex and place of resi-
dence. Cases were identified based on radiologic examinations of the pelvis and hip joint 
from 1986 to 1988 in three different hospitals in Sweden. Then cases and controls were 
sent a questionnaire that was previously tested on a limited group before dispatching. 
There was some recall bias in association with a question pertaining to self-reporting of 
heavy work before age 16. While no median age of the group was revealed, older indi-
viduals may have trouble recalling accurate data . Also, the potential for selection bias 
existed in that occupations that develop coxarthrosis at an early age may have been over 
represented. (9 ) 
In diagnosing coxarthrosis, researchers only identified one aspect, the radiologic 
evidence of a narrowed articular distance, as the sole criteria. No degree of severity was 
assessed which is an important aspect of this study. Another important aspect was their 
evaluation of different occupations, so as to limit confounders, as well as looking at 
sports, injuries sustained to lower extremities from accidents and smoking. After evalua-
tion of these different aspects they found no correlation, giving it more truth, or inter-
nal validity. Farmers and agricultural workers did have an increased risk of coxarthrosis as 
their number of years farming increased. Driving a tractor and milking cows also was 
associated with coxarthrosis, but the researchers felt that agriculture work is so diverse 
more research needs to be done to identify specific exposures and the risk of osteoarthri-
tis. This study accomplished its goal in a well-done manner, but left more questions 
unanswered. The statement of heavy work before age 16 associated with coxarthrosis was 
not supported in that the recall of the subjects may have been biased. Finally, there was 
no median age of cases or controls given, nor was median age worked for any kind of 
farm job, farming as a farmer or farming as a laborer listed . It would have helped add to 
the generalizability of the study. As it stands, it is applicable, but could have been more 
so. (9 ) 
The previous review stated that driving a tractor was associated with coxarthrosis 
so a further search was conducted for studies relating to the risks of tractor driving. As 
stated in the introduction, tractors are responsible for 300 fatalities a year in the United 
States, but overall they expose the driver to long hours of sitting, whole-body vi brations 
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a n d  o f t e n  w i t h  a  t w i s t e d  p o s t u r e .  T h e s e  c o u l d  p r e d i s p o s e  a  f a r m e r  t o  m u s c u l o s k e l e t a l  d i s -
o r d e r s ,  s o  I  c h o s e  t o  r e v i e w  a  s t u d y  t h a t  l o o k e d  a t  t h e  r e l a t i o n s h i p  o f  t r a c t o r - d r i v i n g  
h o u r s  a n d  s e l f - r e p o r t e d  l o w  b a c k  a n d  h i p  s y m p t o m s .  T h i s  a r t i c l e  f u r t h e r  e x p l a i n e d  t h e  
p r e v i o u s  S w e d i s h  s t u d y .  T h i s  s t u d y ,  p u b l i s h e d  i n  2 0 0 2 ,  l o o k e d  a t  a  c r o s s - s e c t i o n  o f l , 0 7 5  
S w e d i s h  f a r m e r s  a n d  a s k e d  q u e s t i o n s  r e g a r d i n g  g e n d e r ,  a g e ,  f a r m  a n d  t r a c t o r - d r i v i n g  d a t a  
a n d  h e a l t h - r e l a t e d  f a c t o r s .  O n e  c o n c e r n  w a s  w i t h  o n e  o f  t h e  q u e s t i o n s  r e g a r d i n g  t h e  
r e c a l l  o f  a v e r a g e  a n n u a l  t r a c t o r - d r i v i n g  t i m e  i n  t h e  p r e v i o u s  1 0  y e a r s .  T h i s  i s  a  l a r g e  t i m e  
f r a m e  t o  h a v e  a c c u r a t e  r e c a l l  a n d  i t  m a y  h a v e  b e e n  b i a s e d .  T h e r e  w a s  a  h e a l t h  q u e s t i o n  
t h a t  a l s o  c o n c e r n e d  m e  t h a t  a s k e d  t h e m  t o  r e c o r d  a n y  a c h e s ,  p a i n s  o r  d i s c o m f o r t  i n  v a r -
i o u s  b o d y  p a r t s  i n  t h e  l a s t  1 2  m o n t h s .  W i t h  a  1 2 - m o n t h  t i m e - s p a n ,  t h i s  a r e a  w a s  a l s o  s u b -
j e c t  t o  r e c a l l .  T h e y  a l s o  h a d  a  c a t e g o r y  o f  t h e  l a s t  s e v e n  d a y s ,  w h i c h  h e l p e d  t o  a d d  i n t e r -
n a l  v a l i d i t y  t o  t h e  s t u d y .  S i n c e  c r o p  p r o d u c t i o n  i s  s o  s e a s o n a l ,  f a r m e r s  w h o  w o r k e d  l e s s  
t h a n  3 0  h o u r s  a  w e e k  w e r e  s t i l l  c o n s i d e r e d  i n  t h e  s t u d y  b u t  t h i s  m a y  h a v e  b e e n  a  m i s -
c l a s s i f i c a t i o n  b i a s ,  d e p e n d i n g  o n  t h e i r  o t h e r  t y p e  o f  o c c u p a t i o n .  T h e  m u l t i v a r i a t e  a n a l y -
s i s  a c c o u n t e d  f o r  m a n y  c o n f o u n d e r s ,  s u c h  a s  a g e ,  g e n d e r ,  s m o k i n g  a n d  e m p l o y m e n t  
o t h e r  t h a n  f a r m i n g .  T h e y  d i d  n o t  a c c o u n t  f o r  a n y  p r e v i o u s  h i s t o r y  o f  a c c i d e n t s  t h a t  
i n v o l v e d  t h e  l o w e r  b a c k  a n d  h i p ,  n o r  d i d  t h e y  a c c o u n t  f o r  f a r m e r  h e i g h t  a n d  w e i g h t ,  
w h i c h  c a n  b e  r e l a t e d  t o  h i p  s y m p t o m s .  ( 1 0 )  
T h i s  s t u d y  d i d  s t a t e  t h e  p u r p o s e  o f  t h e  s t u d y  c l e a r l y  a t  t h e  b e g i n n i n g ,  a n d  t h e y  
a d d r e s s e d  t h e  m a i n  p o i n t s ,  w h i c h  i s  a n  i m p o r t a n t  a s p e c t  o f  a n y  s t u d y .  A n o t h e r  e x c e l l e n t  
p o i n t  t h e y  m a d e  w a s  t h e  f a c t  t h a t  e x p o s u r e  d o e s  n o t  a u t o m a t i c a l l y  i m p l y  t h e  r i s k  f o r  
s y m p t o m s .  A n o t h e r  s t r o n g  p o i n t  w a s  t h a t  t h e y  f o l l o w e d  u p  t h e  n o n - r e s p o n d e r s  t o  c o m -
p a r e  s o m e  v a r i a b l e s  a n d  t h i s  m a d e  i t  m o r e  g e n e r a l i z a b l e .  O v e r a l l ,  i t  w a s  a  w e l l - d o n e  s t u d y  
i n  t h a t  i t  a n s w e r e d  t h e  p r o p o s e d  q u e s t i o n  o f  m e a n  d r i v i n g  t i m e  ( 4 7 2  h o u r s  a n n u a l l y )  a n d  
t h a t  t h e  o p e r a t o r s  w h o  w e r e  r e s p o n s i b l e  f o r  m e a t  ( c a t t l e )  a n d  c r o p  p r o d u c t i o n  s p e n t  t h e  
m o s t  t i m e  d r i v i n g .  T h e  c h o r e  a s s o c i a t e d  w i t h  t h e  m o s t  l o w  b a c k  p a i n  w a s  s i l a g e  c h o p -
p i n g ,  b u t  o v e r a l l  t r a c t o r  d r i v i n g  t i m e  c o n t r i b u t e d  t o  h i p  s y m p t o m s  m o r e  s o  t h a n  l o w -
b a c k  p a i n .  T h e r e  w e r e  v e r y  f e w  w o m e n  i n  t h e  s t u d y  s o  t h e  d a t a  a r e  n o t  g e n e r a l i z a b l e  t o  
t h i s  g r o u p  b u t  o n l y  t o  m a l e  f a r m e r s .  I t  a n s w e r e d  s o m e  o f  t h e  q u e s t i o n s  t h e  p r e v i o u s  s t u d y  
p r o p o s e d .  ( 1 0 )  
W h i l e  n o t  r e s e a r c h e d  a s  l o n g  a s  r e s p i r a t o r y  d i s e a s e ,  o r  a s  c o m m o n l y  r e p o r t e d  a s  
m u s c u l o s k e l e t a l  d i s o r d e r s ,  n o i s e - i n d u c e d  h e a r i n g  l o s s  i s  a  f a c t o r  t h a t  m a n y  f a r m e r s  h a v e  
t o  d e a l  w i t h  a s  a  p a r t  o f  t h e i r  l i f e .  T h e  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  A d m i n i s t r a t i o n  
( O S H A )  r e c o m m e n d s  h e a r i n g  p r o t e c t i o n  d e v i c e s  b e  w o r n  f o r  e x p o s u r e  t o  n o i s e  t h a t  
r e a c h  8 5  d B  f o r  m o r e  t h a n  e i g h t  h o u r s .  A s  a  r e f e r e n c e  p o i n t ,  n o r m a l  c o n v e r s a t i o n  o c c u r s  
a t  6 0 d B .  M a c h i n e r y  o n  f a r m s  i n c l u d i n g  t r a c t o r s ,  g r a i n  d r y e r s  a n d  m i l k i n g  m a c h i n e s ,  
g r e a t l y  e x c e e d  t h o s e  l e v e l s ,  a n d  f a r m e r s  a r e  e x p o s e d  t o  t h o s e  e v e r y  d a y ,  a n d  o f t e n  d o  n o t  
w e a r  h e a r i n g  p r o t e c t i o n .  A  1 9 9 1  s t u d y  c o n d u c t e d  b y  M a r v e l  e v a l u a t e d  a  c o h o r t  o f  4 9  
e x p o s e d  a n d  4 9  u n e x p o s e d  f a r m e r s  l o o k i n g  f o r  t h e  e x t e n t  o c c u p a t i o n a l  h e a r i n g  l o s s  
o c c u r r e d  i n  N e w  Y o r k  d a i r y  f a r m e r s .  E a c h  f a r m e r  w a s  m a t c h e d  f o r  a g e  a n d  s e x  w i t h  a  
r u r a l  l i v i n g ,  n o n - f a r m e r  s o  a s  t o  m i n i m i z e  c o n f o u n d e r s .  D u r i n g  t h e  e v a l u a t i o n ,  t h e  
r e s e a r c h e r s  a l s o  s e p a r a t e d  t h e  a g e  g r o u p s  b y  m e d i a n  a g e  o f  4 3  t o  h e l p  e l i m i n a t e  t h e  r i s k  
o f  p r e s b y c u s i s  ( p r o g r e s s i v e ,  b i l a t e r a l l y  s y m m e t r i c a l  p e r c e p t i v e  h e a r i n g  l o s s  t h a t  o c c u r s  
w i t h  a g e ) .  ( 1 1 )  T o  p r e v e n t  s e l e c t i o n  b i a s ,  t h e  r e s e a r c h e r s  p o s t e d  a n n o u n c e m e n t s  s e e k i n g  
5 6  I n t e r n a t i o n a l  J o u r n a l  o f  G l o b a l  H e a l t h  
volunteers for the non-farming group. They also excluded anyone who grew up or 
worked for more than one summer on a farm . (12) 
They utilized a questionnaire that was administered by a registered nurse and 
included directed questions. It was identical for both groups, thus eliminating observa-
tion bias. Dairy farmers suffered 65 percent hearing loss in the high frequency range 
compared to 37 percent of the non-farmers, and interesting to note, the left ear was more 
severely affected among farmers. This is often the result of monitoring equipment behind 
a tractor, and the farmer turns to look over their right shoulder, thus exposing their left 
ear to the noise of the motor. This study was unique in that it was the first of its kind to 
examine a random sample of farmers selected from a large cohort. It is also important to 
note that it was the only study at the time to test an age and sex matched comparison of 
non-farmers. Overall, this was a very well done study in that it had great sample selection 
and exclusion criteria. The testing methods were well explained and the questionnaire 
limited selection and observer bias. It is very generalizable to dairy farmers, and because 
they often have the highest exposure to noise, other farmers will benefit by seeing the 
worse case scenario. It really set the standard for future studies. ( 12 ) 
To examine hearing loss among a younger group, a study conducted from 1985 
through 1988 involved 872 high school farm students in Wisconsin . This cohort study 
looked at a variety of subjects and classified them based on who lived and worked on a 
farm, those who worked on a farm but didn't live on one, individuals who lived on a farm 
but didn't participate in chores and those who neither worked nor lived on a farm . There 
was some misclassification bias based on the use of noisy equipment being a dichotomous 
variable . Rare or occasional use of noisy equipment was given the same weight as very 
frequent use. Recall bias may have existed because the students needed to report operat-
ing certain pieces of equipment. If they did not operate it, but rode on it, they would not 
have replied the same. Some of the confounders in this study involved use of amplified 
music, snowmobile, motorcycle or a family history of hearing loss, but they utilized a 
multivariate analysis to account for these . (13) 
The data indicated that teenage children (15-16 years old ) that are actively 
involved in farm work have an increased prevalence of mild hearing loss in the high fre -
quencies. It also revealed a greater left ear hearing loss among the farm students, which 
is in agreement with other studies. Due to the length of the study, they did evaluate the 
students a second year, but only reported preliminary data here. An important aspect 
during this study was the education they provided to the students on wearing hearing 
protection devices before the initial testing, as well as long term . It would have been 
interesting to have that data included. The study was well done, with clearly stated objec-
tives and well explained methods. The researchers recognized and addressed the misclas-
sification bias and recognized that some of the recall information was unreliable. The 
study subjects in farming were heavily weighted with males, which matches census data, 
so the information is generalizable, adding strength to the study. ( 13 ) 
Research has proven that noise-induced hearing loss does exist at a higher level in 
farmers than other occupations, but do farmers realize the problem exists? A 2001 cohort 
study was reviewed that looked at 376 New York farmers who self-reported hearing loss 
and compared it to audiometry testing. Classification bias was limited because the sub-
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j e c t s  h a d  t o  b e  1 8  y e a r s  o r  o l d e r  a n d  r e s i d e  o r  w o r k  y e a r - r o u n d  o n  a  f a r m .  T h e y  c o m -
p a r e d  s e n s i t i v i t y ,  s p e c i f i c i t y ,  f a l s e  n e g a t i v e  a n d  f a l s e  p o s i t i v e  d a t a  f o r  t h e  s e l f - r e p o r t s  c o m -
p a r e d  t o  t h e  a u d i o m e t r i c  t e s t s .  A u d i o m e t r i c  t e s t i n g  a g r e e d  b e t w e e n  7 0 - 7 9  p e r c e n t  o f  t h e  
t i m e ,  a n d  t h e  m o s t  m i s c l a s s i f i c a t i o n  c a m e  f r o m  f a l s e - p o s i t i v e s .  R e s e a r c h e r s  w a n t e d  r a n -
d o m  s e l e c t i o n  o f  p a r t i c i p a n t s  b u t  t h e  f a r m  o w n e r / o p e r a t o r s  w a n t e d  t h e  h e a l t h  s c r e e n -
i n g s  t h e m s e l v e s  a n d  d i d  n o t  a l w a y s  a l l o w  e m p l o y e e s  t o  p a r t i c i p a t e ,  t h u s  r e s u l t i n g  i n  s o m e  
s e l e c t i o n  b i a s .  T h i s  c o u l d  a f f e c t  t h e  g e n e r a l i z a b i l i t y  o f  r e s u l t s .  I m p o r t a n t  t o  n o t e  w a s  t h e i r  
c l e a r  s t a t e m e n t  o f  t h e i r  p u r p o s e  t o  q u a n t i f y  s e l f - r e p o r t e d  h e a r i n g  l o s s  i n  r e l a t i o n  t o  
a u d i o m e t r y  a n d  t h e y  s u c c e e d e d .  T h e r e  w a s  a l s o  g r e a t  e x p l a n a t i o n  o f  t h e  d i f f e r e n c e  
b e t w e e n  a  h e a r i n g  i m p a i r m e n t  v e r s u s  a  h a n d i c a p  i n c l u d e d  i n  t h i s  s t u d y .  O f  t h e  p a r t i c i -
p a n t s ,  8 5  p e r c e n t  w e r e  m a l e  w i t h  a  m e d i a n  a g e  o f  4 8  y e a r s  o l d ;  7 3  p e r c e n t  o f  t h e m  
w o r k e d  m o r e  t h a n  e i g h t  h o u r s  a  d a y  o n  a  f a r m  a n d  o f  t h e  g r o u p ,  5 9  p e r c e n t  w e r e  d a i r y  
p r o d u c e r s .  T h e  r e s u l t s  w e r e  e x p l a i n e d  r a t h e r  w e l l ,  b u t  t h e  r e s e a r c h e r s  w e r e  c o n c e r n e d  
w i t h  t h e  g e n e r a l i z a b i l i t y  o f  i n f o r m a t i o n .  I n  t h e  c e n s u s  d a t a  a c c e s s e d ,  t h i s  i s  v e r y  i n d i c a -
t i v e  o f  t h e  g e n e r a l  f a r m i n g  p o p u l a t i o n ,  w i t h i n  f i v e  y e a r s  o f  a g e .  T h e y  d i d  n o t  d i s c u s s  t h e  
t y p e s  o f  e x p o s u r e  t h e s e  s u b j e c t s  f a c e d  o n  a  d a i l y  b a s i s ,  b u t  o t h e r  s t u d i e s ,  a s  i n  t h e  o n e s  
a b o v e ,  h a v e  r e v i e w e d  t h i s  a n d  t h i s  i s  i n  a g r e e m e n t .  ( 1 4 )  
S U M M A R Y  A N D  C O N C L U S I O N S  
A f t e r  r e v i e w i n g  t h e  a b o v e  a r t i c l e s ,  i t  c a n  b e  c o n c l u d e d  t h a t  a g r i c u l t u r a l  w o r k e r s  a r e  
a t  a n  i n c r e a s e d  r i s k  o f  r e s p i r a t o r y  i l l n e s s ,  s p e c i f i c a l l y  F a r m e r ' s  L u n g  D i s e a s e ,  m u s c u -
l o s k e l e t a l  d i s o r d e r s  o f  t h e  h i p  a n d  n o i s e - i n d u c e d  h e a r i n g  l o s s .  T h e s e  c o n d i t i o n s  a r e  a  
r e s u l t  o f  e x p o s u r e  t o  a l l e r g e n s ,  e r g o n o m i c  s t r e s s o r s  a n d  l o u d  n o i s e ,  b u t  m o s t  i m p o r t a n t -
l y ,  t h e y  a r e  p r e v e n t a b l e .  A g r i c u l t u r a l  w o r k  i s  v e r y  p h y s i c a l l y  d e m a n d i n g ,  i n v o l v e s  l o n g  
h o u r s  a n d  i s  o f t e n  t h e  o n l y  o c c u p a t i o n  s o m e  i n d i v i d u a l s  e v e r  k n o w .  P u b l i c  h e a l t h  o f f i c i a l s  
n e e d  t o  f o c u s  t h e i r  a t t e n t i o n  o n  p r a c t i c a l  r e c o m m e n d a t i o n s  t h a t  a r e  g o i n g  t o  b e  u t i l i z e d  
b y  a g r i c u l t u r a l  w o r k e r s  w h e n  i t  c o m e s  t o  p r e v e n t i n g  s o m e  o f  t h e s e  p r o b l e m s .  E d u c a t i o n  
m u s t  b e  m a d e  a v a i l a b l e  r e g a r d i n g  t h e  r i s k  f a c t o r s  t o  e m p l o y e r s  a n d  e m p l o y e e s  t h r o u g h  
e x t e n s i o n  a g e n c i e s ,  m e d i c a l  p r o f e s s i o n a l s  a n d  p u b l i c  h e a l t h  c a m p a i g n s .  
T e c h n o l o g y  h a s  a d v a n c e d  t o  p r o v i d e  a g r i c u l t u r a l  w o r k e r s  w i t h  r e s p i r a t o r y  m a s k s  
t h a t  w i l l  f i l t e r  m a n y  a l l e r g e n s .  T h r o u g h  p r o p e r  e d u c a t i o n  t h i s  a l o n e  c o u l d  h e l p  a l l e v i a t e  
F a r m e r ' s  L u n g  D i s e a s e .  W e a r i n g  a  m a s k  i s  n o t  a l w a y s  c o n v e n i e n t  f o r  f a r m e r s ,  b u t  i f  t h e y  
a r e  e d u c a t e d  t o  h o w  i t  w i l l  d e c r e a s e  t h e i r  c h a n c e  o f  e x p o s u r e ,  t h e y  m a y  b e  m o r e  w i l l i n g  
t o  c o m p l y .  W e  l e a r n e d  t h r o u g h  t h e  J a p a n e s e  s t u d y  t h a t  m e t e o r o l o g i c a l  c o n d i t i o n s  p l a y  a  
r o l e .  T h e r e  i s  i n f o r m a t i o n  r e c o r d e d  o n  t e m p e r a t u r e  a n d  g r o w i n g  c o n d i t i o n s  o f  h a y  i n  t h e  
M i d w e s t e r n  s t a t e s .  C o m b i n i n g  t h a t  i n f o r m a t i o n  w i t h  r i s k  f a c t o r  d a t a  w o u l d  r e v e a l  a  t a r -
g e t  a u d i e n c e  o f  t h o s e  t o  b e  e d u c a t e d .  T h e  a l l e r g e n s  a r e  l o c a l e  s p e c i f i c ,  a c c o r d i n g  t o  t h e  
F i n l a n d  r e s e a r c h ,  s o  m o r e  s t u d i e s  n e e d  t o  b e  d o n e  i n  t h o s e  a t - r i s k  a r e a s  t o  i d e n t i f y  s p e -
c i f i c  r i s k  f a c t o r s .  
M u s c u l o s k e l e t a l  d i s o r d e r s  a r o s e  f r o m  t r a c t o r  d r i v i n g  a n d  m i l k i n g  c o w s .  A g a i n ,  
t e c h n o l o g y  h a s  h e l p e d  a d v a n c e  t h i s  a r e a  b y  m a k i n g  t r a c t o r s  m o r e  c o m f o r t a b l e  w i t h  s w i v -
e l  s e a t s  t h a t  s u p p o r t  t h e  h i p  a n d  l o w e r  b a c k  w h i l e  f a r m e r s  a r e  t u r n e d  t o  l o o k  b e h i n d  
t h e m .  H o w e v e r ,  t h e  e c o n o m y  i n  t h e  a g r i c u l t u r e  i n d u s t r y  d o e s  n o t  a l w a y s  a l l o w  f o r  t h e  
p u r c h a s e  o f  t h e  l a t e s t  e q u i p m e n t .  A g r i c u l t u r a l  w o r k e r s  n e e d  t o  b e  a w a r e  o f  t h e  r i s k s  
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involved with tractor driving and practical recommendations for preventing these disor-
ders is needed . Intervention studies are really needed in this area. Milking cows was also 
a risk factor for musculoskeletal disorders. As farms get larger, milking equipment is also 
becoming more sophisticated . The days of constant bending down to milk a cow are fad -
ing. More cows are milked in parlor situations, but this is introducing repetitive motion 
stressors that the public health community needs to be prepared to deal with. Again, 
additional studies are needed in this area. 
Milking cows also brings with it the risk of noise induced hearing loss, as the 
Marvel study demonstrated. Many people begin to lose their hearing as they age, regard-
less of exposure, but this study separated groups based on age as well. This study then 
prompted to Broste et al to look at a younger group of people who were exposed to the 
same noise levels, but for fewer years . This is where future intervention studies need to 
focus . There are recommendations established for preventing hearing loss , but it does 
not always reach the at risk population . Young people who are involved in farming oper-
ations need to be aware of the risks so that proper prevention can take place . Older peo-
ple on farms serve as mentors for these young individuals, so they too need to be edu -
cated on the risk factors . 
Many countries rely heavily on the agriculture industry. We need to do everything 
we can as public health professionals to protect those individuals that give 110 percent 
every day to put food on our tables . There are prevention strategies out there that need 
to be widely proclaimed to the target groups. For areas that are newly emerging as risk 
areas, studies need to be done to determine the best prevention protocols. 
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